Evaluation of Smallmouth Bass Introductions in South Dakota Lakes by Milewski, Craig L.
South Dakota State University
Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange
Electronic Theses and Dissertations
1990
Evaluation of Smallmouth Bass Introductions in
South Dakota Lakes
Craig L. Milewski
South Dakota State University
Follow this and additional works at: https://openprairie.sdstate.edu/etd
Part of the Aquaculture and Fisheries Commons, and the Natural Resources and Conservation
Commons
This Thesis - Open Access is brought to you for free and open access by Open PRAIRIE: Open Public Research Access Institutional Repository and
Information Exchange. It has been accepted for inclusion in Electronic Theses and Dissertations by an authorized administrator of Open PRAIRIE:
Open Public Research Access Institutional Repository and Information Exchange. For more information, please contact michael.biondo@sdstate.edu.
Recommended Citation
Milewski, Craig L., "Evaluation of Smallmouth Bass Introductions in South Dakota Lakes" (1990). Electronic Theses and Dissertations.
541.
https://openprairie.sdstate.edu/etd/541
Evaluation of smallmouth Bass Introductions 
in 
south Dakota Lakes 
Craig L. Milewski 
Graduate Research Assistant 
Department of Wildlife and Fisheries Sciences 
South Dakota State University 
Brookings ,  South Dakota 57007 
December, 1990 
A thesis submitted in partial fulfillment 
of the requirements for a Master of Sciences, 
Fisheries and Wildlife (Fisheries Option) 
South Dakota State University 
EVALUATION OF SMALLMOUTH BASS INTRODUCTIONS 
IN 
SOUTH DAKOTA LAKES 
This thesis is approved as a creditable and independent 
investigation by a candidate for the deqree, Master of 
Science, and is acceptable for meeting the thesis 
requirements for this degree. Acceptance of this thesis 
does not imply that the conclusions reached by the candidate 
are necessarily the conclusions of the major department. 
Dr. David w. Willis Date 
Thesis Advisor 
Dr. Charles G. Scalet 
,. ___ 
D
_
a
_
t
_
e 
__ _ 
Head, Department of 
Wildlife and Fisheries Sciences 
ACKNOWLEDGEMENTS 
I am grateful to Dave Willis for helping me learn and 
grow through his advice, encouragement ,  and the many 
"armchair" discussions. I wish to thank Doug Day, Doug 
Hansen, Al Knapp , Dennis Mann, Ron Meester, Will Morlock, 
Gary Marrone, Jim Riis, Cliff Stone, Dennis Unkenholz ,  Lee 
Vanderbush , Gerry Wickstrom, and other South Dakota Game, 
Fish and Parks personnel for their cooperation and 
assistance. I thank Walter Duffy, John Lott and Charles 
Scalet for their review of portions of the manuscript; Greg 
Hoffman for working with me in the field and lab on this 
project; and Christine Lousias for sacrificing her time 
throughout the project. 
Partial funding for this project was provided by the 
South Dakota Department of Game, Fish, and Parks through 
Federal Aid Project F-15-R-15 3 0 ,  Job 3 ,  the South Dakota 
Agricultural Experiment Station, and South Dakota State 
university. 
i 
ABSTRACT 
In 1989, electrofishing gear and modified-fyke (trap) 
nets were used to sample smallmouth bass Micropterus 
dolomieui during the spring from five lakes of varying 
environmental characteristics in eastern South Dakota. The 
mean length of smallmouth bass caught by electrofishing was 
significantly smaller (P=0.0001) than those caught in fyke 
nets. Highly significant correlations were found between 
paired mean electrof ishing and mean fyke net catch rates 
among lakes, both for stock- length (�18 cm) fish (r=0.973, 
P=0.005) and all fish (r=0.948, P=0.014 ) .  These 
correlations suggest that both gears were not seriously 
affected by environmental conditions within the ranges 
encountered. An s posteriori analysis indicated that mean 
electrofishing catch rates among lakes were 5 0 . 1/h over 
rock/boulder substrates, 7 . 0/h over sand/gravel substrates, 
and 0 . 0/h over silt/organic substrates. Delineation of 
catch rate data by habitat type indicated habitat use and 
the influence of habitat differences on overall catch rates . 
Thus, population density was partially related to available 
habitat and that standardized sampling programs must 
consider habitat at sampling stations. 
In 1990, smallmouth bass were again sampled in the 
spring from two East River lakes, the mainstem Missouri 
River reservoirs, and three West River reservoirs. Mean 
ii 
electrofishing catch rates, age and growth, recruitment, 
size and age structure, and fish body condition from 1989 
and 1990 samples were summarized and used to assess stocking 
efforts, and to provide a preliminary assessment of the need 
for harvest regulations . Stocking efforts were successful 
in most waters where rock/boulder habitats were available. 
Dominant year classes in the samples were not entirely 
dependent upon the stocking of fingerlings . Differences in 
growth, variability in recruitment, and a range in total 
annual mortality could affect size structure and density of 
smallmouth bass. Hypothetical proportional stock densities 
(PSD) and densities of quality-length (�180 mm) smallmouth 
bass were generated from simple modelling to help illustrate 
these interactions and provide a basis for further 
assessment of harvest regulations. 
Limnological data were collected from five eastern 
South Dakota lakes in 1989 and were examined in relation to 
smallmouth bass population characteristics. Rock/boulder 
habitats were a definite prerequisite to the successful 
establishment of smallmouth bass. Lake morphometry appeared 
to be related to reproductive success. Lakes with low 
shoreline development tended to have less potential for 
reproductive success. However, shoreline development may 
not be a limiting factor if rock/boulder substrates are 
already minimal. Potential competition for food may exist 
iii 
between young-of-year smallmouth bass and yellow perch as 
indicated by age-0 smallmouth bass growth, age-0 and age-1 
yellow perch density, and changes in mean length of Daphnia 
spp. Crayfish densities were low to non-existent where 
structural complexity of habitat ( i . e . , interspersion of 
substrate types) was low and smallmouth bass populations 
were concentrated. 
iv 
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Chapter 1. 
INTRODUCTION 
The South Dakota Department of Game, Fish, and Parks 
introduced smallmouth bass Micropterus dolomieui into 
eastern lakes of the Prairie Coteau, mainstem Missouri River 
reservoirs, and West River reservoirs to provide anglers 
with an additional gamefish. South Dakota lies just beyond 
the native range of the smallmouth bass, which extends from 
Minnesota to Quebec and south to Arkansas and northern 
Alabama (Eddy and Underhill 1978) . More specifically, the 
northwestern limit was the Minnesota River drainage north 
and east of the Prairie Coteau, including Big Stone Lake on 
the Minnesota-South Dakota border (Bailey and Allum 1962 ) .  
An evaluation of smallmouth bass introductions and an 
understanding of their population characteristics in South 
Dakota waters are essential for sound management planning by 
biologists. 
The objectives of this project were to 1) evaluate the 
influence of sampling gear and environmental characteristics 
on smallmouth bass catch data in eastern South Dakota lakes; 
2 )  provide a statewide assessment of smallmouth bass 
population characteristics, and a preliminary assessment of 
the need for harvest regulations; 3) evaluate the 
relationship of various physical, chemical, and biological 
1 
factors to smallmouth bass population characteristics in 
eastern South Dakota lakes; and 4 )  provide management 
recommendations and research needs for smallmouth bass 
populations in South Dakota waters. 
2 
Chapter 2. 
A COMPARISON OF SMALLMOUTH BASS CATCH DATA 
SAMPLED BY TWO GEARS 
FROM FIVE EASTERN SOUTH DAKOTA LAKES 
INTRODUCTION 
Understanding gear bias and habitat influences are 
essential when comparing fish sampling data between gears 
and/or among lakes. Several authors have demonstrated size 
selectivity of trap nets and electrofishing gear and their 
potential effects on population statistics (Latta 1959; 
Laarman and Ryckman 1982; Green et al. 1986; Beamesderfer 
and Rieman 1988). In addition, King et al. (1981) and 
Hubbard and Miranda (1986) compared random and selected 
sampling sites and discussed implications for within and 
among lake comparisons of catch rates. As part of the 
overall research project, smallmouth bass were sampled in 
several lakes of varying environmental characteristics in 
eastern South Dakota. Objectives were to compare among 
these lakes the size structure and catch rates of smallmouth 
bass captured with electrofishing gear and rnodified-fyke 
nets. 
METHODS 
Four lakes of glacial origin and one man-made 
3 
impoundment (Amsden) in the Prairie Coteau region of eastern 
South Dakota were selected for study. Environmental 
characteristics of each lake are listed in Table 2-1. 
Smallmouth bass were collected during May and June of 
1989 beginning when water temperatures approached 15°C. 
Modified-fyke (trap) nets and electrofishing gear were used 
concurrently, but on a rotating basis so that the operation 
of one gear did not influence the catch by the other. 
Within each lake, 2 0  sampling sites were selected and served 
as fyke netting stations. To avoid field worker bias toward 
"preferred" habitats, sites were selected by pre-mapping 20 
equidistant locations about the shoreline contour using a 
chartometer. Public boat launch sites were used as starting 
points. Fyke nets were set at each station for one night. 
Fyke nets had a mesh size of 13 mm (bar measure), a frame 
dimension of 1 . 2  x 1 . 2  m, and a lead dimension of 1 . 2  x 2 2 . 9  
m. The total length (mm) and number of smallmouth bass 
caught were recorded for each net. Night electrofishing was 
conducted with a 5.5-m Coffelt electrofishing boat using 
pulsed DC current powered by a 7 , 5 0 0-watt generator . The 
entire shoreline of all lakes was electrofished except for 
Kampeska, where the 2 0  sampling stations served as starting 
points for electrofishing "runs". One person dipped 
smallmouth bass during standard 15-min intervals. The total 
length (mm) and number of all smallmouth bass collected were 
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Table 2-1. Characteristics of study Lakes included in an assessment of gear and habitat influence on 
smal Lmouth bass saaples In South Dakota lakes.• 
Specific Methyl ·orange 
Surface Mean Maxi nun conductance Turbidity alkalinity 
Lake County area <ha> depth (ia) depth (ml (US/cm) (NTUl (mg/ll 
Amsden Day 95 2.7 7.3 1245 4.9 238 
Brant Lake 401 3.0 4.3 1210 2.3 119 
Clear Marshall 439 3.7 6.1 750 2. 1 289 
Kanpe-ska Codington 1949 3.4 4.4 515 18.0 238 
Picke rel Day 386 6.1 13.1 470 3.5 221 
Values for specific conductance, turbidity, and methyl-orange alkalinity are spring measurements. 
5 
recorded for each 15 min interval. 
Size structure of smallmouth bass was quantified using 
mean lengths. Differences in size structure were analyzed 
by performing a two-way ANOVA on mean length data between 
gears and among lakes. The relative density of stock-length 
smallmouth bass and all sizes of smallmouth bass was 
calculated as the mean catch (number) per hour of 
electrofishing . Minimum stock length for smallmouth bass is 
180 mm (Gabelhouse 1984). Correlation analysis tested for 
linearity among paired data using mean electrofishing and 
mean fyke net catch rates from each lake. An � posteriori 
analysis of mean electrofishing catch rates among habitat 
types within all lakes was performed . Three subjective 
habitats were identified based on the dominant substrate 
encountered during each electrofishing run: 1) rock/boulder 
(>15 cm with interstitial space) , 2 )  gravel/sand (<15 cm 
without interstitial space) , and 3 )  silt/organic matter 
(unwashed , eroded substrates and/or vegetated areas) . All 
statistical analyses were made using the Statistical 
Analysis System for personal computers (SAS Institute, Cary, 
North Carolina) . 
Measurements of specific conductance (uS/cm) and 
methyl-orange alkalinity (ppm) were performed at two or 
three locations of each lake, and were generally consistant. 
Specific conductance was measured with a Hach 
6 
TDS/conductivity meter , model 44600. Methyl-orange 
alkalinity was measured with a Hach alkalinity kit, model 
AL-AP. Turbidity (NTU ) was measured at the 20 
systematically-selected sites with a turbidimeter, model 
DRT-15, manufactured by H .  F.  Scientific, Incorporated; then 
the mean was calculated. All measurements were made one day 
at each lake in the spring. 
RESULTS AND DISCUSSION 
A comparison of size structure between the two gears 
was actually a comparison of data without compensation for 
gear bias, because the true size structure was not known . 
The mean length of smallmouth bass caught by electrof ishing 
was consistently lower than that of fish in fyke nets (Table 
2-2). A two-way analysis of variance showed a highly 
significant difference (P=0 . 0001) in mean length of 
smallmouth bass caught by electrof ishing and fyke nets 
(Table 2-3). Amsden Lake was not included in the analysis 
because no smallmouth bass were collected. 
Green et a l .  (1986) found that smallmouth bass 
exceeding 254 mm were inadequately sampled by fall 
electrofishing in New York lakes. Beamesderfer and Rieman 
(1988) reported a significant difference among length 
frequencies of smallmouth bass caught with several gears. 
Their data indicated that electrofishing selected for 
7 
Table 2-2. Mean length (mm), sample size (N) , standard error 
(SE) , and range in lengths of smallmouth bass captured by 
electrofishing gear and modified-fyke nets in South Dakota 
lakes. 
Lake Mean 
Brant 172 
Clear 173 
Kampeska 255 
Pickerel 193 
Electrof ishing 
N SE Range 
18 4 . 49 131-208 
86 5 . 16 94-258 
48 8 . 78 112-347 
57 9 . 21 88-382 
8 
Mean 
308 
218 
306 
317 
Fyke nets 
N SE Range 
2 10.50 297-318 
6 9 . 2 5  179-239 
4 1 5 . 7 5  278-350 
3 19.97 290-356 
Table 2-3. Two-way analysis of variance for 
mean length data of smallmouth bass captured with 
electrofishing gear and modified-fyke nets from 
four South Dakota lakes. 
Source of variation 
Lake 
Gear 
Gear*Lake 
df 
3 
l 
3 
F value 
9 
7 . 81 
3 0 . 6 6  
2 . 99 
p 
0 . 0001 
0 . 0001 
0 . 0796 
smaller smallmouth bass than did trap nets. Fish behavior 
rather than the physical function of the trap nets may cause 
size selectivity (Latta 1959) . Latta (1963) found a 
positive correlation between distance traveled between 
captures and the number of times a fish was captured for 
smallmouth bass 229-353 mm long. However, Laarman and 
Ryckman (1982) found no evidence for trap net size 
selectivity of smallmouth bass in Manistee Lake, Michigan. 
The authors pointed out that because Manistee Lake is a 
shallow inland lake and data were collected by fall 
sampling, these data may not be valid for comparison with 
other seasons or other lakes with different environmental 
conditions. 
In addition to differences in size selectivity, the 
modified-fyke nets proved to be relatively ineffective at 
collecting smallmouth bass as compared to night 
electrofishing. For example, the mean number of hours spent 
in the field (includes a two-person crew and their 
travelling time) collecting smallmouth bass with 
electrofishing gear (0.7 h/fish) was substantially lower 
than the mean number of hours collecting smallmouth bass 
with the modified-fyke nets ( 1 2 . 4  h/fish) . In other terms, 
it may take upwards of 100 net-nights to collect a sample of 
50 smallmouth bass which , for management purposes, would be 
time-prohibitive. Because of site non-selectivity in this 
10 
study, the number of hours spent in the field and the number 
of net-nights required to collect 50 smallmouth bass were 
probably high estimates . Nevertheless, the data indicate 
the ineffectiveness of fyke nets when compared with night 
electrofishing. 
A comparison of catch rates between the two gears among 
lakes tested the assumption that the relative proportion of 
a fish population captured by each gear is the same 
regardless of the absolute population density or differences 
in environmental conditions among lakes. This assumption 
would have to be true for a comparison of electrof ishing 
catch rates among lakes to be valid. Two gears may catch 
different proportions of a fish population and measure catch 
rates differently, but the paired data on catch rates among 
lakes should be linear if the catchability of each gear 
remains fixed and unaffected by inherent environmental 
conditions. 
Mean electrof ishing catch rates and mean fyke net catch 
rates for all fish sizes (Figure 2-la) and for stock-length 
(�180 mm) smallmouth bass (Figure 2-lb) were highly 
correlated (P=0.014 and P=0.005, respectively) . Hence, 
these correlations support the assumption that 
electrof ishing captured smallmouth bass in proportion to 
their abundance within the range of environmental conditions 
surveyed (Table 2-2) when smallmouth bass were near shore 
11 
Number per Hour 
25-
20 
15 
10 
5 
. 
p = 0.014 
R:z,. 0.899 
• 
I 
0.1 
(a) • 
• 
• 
0.2 0.3 
Figure 2-1. Correlations between mean electrofishing catch 
rates and mean fyke net catch rates for all sizes o f  
smallmouth bass ( a )  and for stock length (�180 mm) 
smallmouth bass (b) collected from five eastern South Dakota 
lakes. 
' 
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during the spring. Because samples were random, selection 
of "preferred" habitat did not bias catch rates; thus, 
comparison of abundance among lakes was more valid (Hubbard 
and Miranda 1986) . 
Although smallmouth bass were not captured with either 
gear at Amsden Lake, a few were caught by anglers. The lake 
thus contained a low population density of smallmouth bass. 
Therefore , I felt justified in my inclusion of these data in 
the correlation analyses. 
An s posteriori analysis indicated that mean 
electrofishing catch rates were partially dependent upon the 
type of substrate at each site (Table 2-4 ) . Catch rates 
were highest over substrates of boulder/rubble, low at 
stations dominated by gravel/sand substrates, and zero where 
silt/organic substrates dominated. These findings have 
logistical and statistical implications for fishery 
managers . It would be advantageous to sample boulder/rubble 
sites where time and money are limited and catch rate 
information is restricted to trend data within a given lake. 
Although these data were subject to low numbers of samples 
per substrate type, variability was lower when compared to 
the combined catch rate. One obvious exception was the mean 
catch rate on boulder/rubble substrates at Clear Lake. For 
unknown reasons, one of the sites yielded a large number of 
smallmouth bass (216) per hour of electrofishing , thus 
13 
Table 2·4. Meon cotch rotes, standard error (SE), end salff)le sfze (N) by aubstrete type for 
smallmouth ba11 collected from South 08kote lakea. Catch rates are nu�r of smollmouth caught 
per hour of electroftshtng. Safll)le size ta the nutlber of s�ling at•tfona that are dominated by 
each substrate type. 
Rock/boulder Gravel/sand Silt/organic Cooblned 
lake Ileen (SE) N Mean (SE) N Mean (SE) N Mean (SE! N 
Amsden • • 0.0 (0.0) 9 0.0 (0.0) 9 
Brant • 7.6 (2.5) 9 • 7.6 (2.5) 9 
Clear 74.0 <47.8) 4 11.1 (3.6) 9 0.0 (0.0) 4 23.3 <12.S> 17 
K�ske 49.2 (10.9) 3 3.2 (1.3) 14 • 9.6 (4.2) 17 
Pickerel 27.2 (6.8) 5 5.9 (1.6) 15 0.0 (0.0) 4 9.3 (2.6) 24 
Mean of 
....... 50.1 7.0 0.0 12.5 
The given 11.A>strate type did not dominate 1t 1ny one electrofishing atte. 
14 
increasing variability. 
MANAGEMENT IMPLICATIONS 
Biologists must recognize size-selective biases when 
comparing or pooling smallmouth bass data among gears. 
Night electrofishing is more efficient at collecting a 
suitable sample of smallmouth bass, but does not effectively 
sample larger smallmouth bass. Where I failed to collect 
these larger fish, anglers did catch larger smallmouth bass 
(> 400 mm) during the same period (Proud Angler information, 
South Dakota Department of Game , Fish and Parks) . 
Precautions also must be taken when comparing catch rates of 
smallmouth bass among lakes if environmental conditions are 
known to affect gear efficiency. Habitat conditions 
(substrate) , specific conductance, water turbidity , and time 
of year (water temperature) all have the potential to 
influence electrofishing catch rates of smallmouth bass. 
Information regarding these conditions should accompany 
smallmouth bass survey information. 
The data presented in this paper were specific to the 
type of gear used in the study, and biases may vary for 
other gear designs. Catch rate data, if delineated by 
habitat type, indicate habitat use and the influence of 
habitat differences among lakes. Further research is needed 
to evaluate this relationship. 
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Chapter 3. 
POPULATION CHARACTERISTICS OP SMALLMOUTH BASS IN 
SOUTH DAKOTA WATERS, AND A PRELIMINARY ASSESSMENT 
OF THE NEED FOR HARVEST REGULATIONS 
INTRODUCTION 
Comparative sampling data are useful to biologists who 
need to assess the performance of existing fish populations 
of smallmouth bass and to help assess potential impacts of 
harvest regulations. During our evaluation of smallmouth 
bass introductions in South Dakota waters, sampling data 
were obtained from ponds, lakes, and reservoirs in 1989 and 
1990. The objective of this chapter is to summarize and 
discuss sampling data, evaluate stocking success, and 
provide a preliminary assessment of the need for harvest 
regulations. 
METHODS 
Sampling designs differed between 1989 and 1990 because 
of different objectives. In 1989, partial objectives were 
to compare size structure and catch rates of smallmouth bass 
captured with electrofishing gear and modified-fyke (trap) 
nets among lakes of varying environmental characteristics 
(Table 3-1 ) .  A non-biased sampling scheme was required (see 
chapter 2 for details). In 1990, objectives were to 
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Table 3·1. Characteristics of waters included tn a statewide SUR11ary of smeth11outh beas catch data 
tn South Dakota. 
Surf ace 
water area (ha) 
Jones C«.nty 1 <2 
Jones County 2 <2 
Alnoden 95 2.7 
Brent 401 J.O 
Clear 4J9 J.7 
K_.ko 1949 
Pickerel 386 
Angostura 1955 
N..,.ll 68 4 .1 
Shadeliil l 2227 
Francis Case J2000 
Fort Randall 
Pease Creek 
Chomberlain 
Lewis & Clark 10500 
Gavlns Point Dam 
Oaho 126800 19.2 
oahe oa11 
East Whi tloc:k 
Sharpe ZJ100 9.5 
Missouri River 
(Pierre) 
N/A-:not avai table. 
b High water clarity observed 
� High wind turbulence. 
Mean of two 11easurements. 
Spe-cif;c 
Me en Max;IUll conductance 
depth (nt) depth <m> (US/cm) 
Pends 
N/A1 N/A 5900 
N/A N/A 7000 
Ent River 
7.J 1245 2.7 
4.J 1210 J.8 
6.1 750 1.7 
J.4 4.4 515 
6. 1 1J. 1 470 
Yest River 
N/A 15.2 2940 
9.8 650 J.7 
N/A N/A 18JO 
Missouri Mainstc. 
15.2 42.6 
815
d '·� 792 2. 
920 0.9c 
5.0 16.7 
750 1.8 
60.8 
810 4.6 
680 2.7 
2J.7 
650 4.6 
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Stchhi 
(nt) 
0.8 
1. 1 
4.6 
0.9c 
document population characteristics of additional smallmouth 
bass populations . Thus, electrofishing samples were not 
random; rather, night electrofishing was undertaken at rocky 
sites to facilitate capture of smallmouth bass. Stations 
were of 15-min duration, and only one person dipped 
smallmouth bass. The total length (mm) and number of all 
smallmouth bass were recorded for each 15-min interval .  In 
addition, the first 10 smallmouth bass per centimeter length 
group in each population were weighed and had scales removed 
for aging. 
Data analyses 
Population densities were indexed using electrofishing 
catch rates. The number of smallmouth bass caught per 15-
min station was extrapolated to the number per hour. Then, 
the mean number of smallmouth bass caught per hour of night 
electrofishing was calculated. Catch rates were also 
delineated by dominant substrate. Recruitment was indexed 
as the mean catch rate of both age-1 and sub-stock (<180 mm) 
smallmouth bass per hour of electrofishing. Finally, 80% 
confidence limits were calculated for all these indices 
(Sokal and Rohlf 1973 ) .  These data will likely be used for 
management purposes and 80% confidence limits were 
considered more practical. Growth of smallmouth bass was 
analyzed by back-calculation of scale annuli and 
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determination of a mean length at each age. A standard 
intercept (a} value of 35 mm was used (Carlander 1982 ) . 
Back-calculations were accomplished using the software 
package DISBCAL (Frie 1982) . 
Fish body condition was indexed with relative weight 
(Wr) . Relative weight is calculated by dividing the actual 
weight of a fish by a standard weight (Ws) for a fish of 
that length, then multiplying by 100 (Anderson 1980) . The 
smallmouth bass standard weight (Ws) equation used was 
log10Ws = -4.  983 + 3 .  055 log10L (Murphy et a l .  In press) , 
where lie = weight in grams and L = total length in 
millimeters. 
Size structure was quantified using proportional stock 
density (PSD) and relative stock density of preferred-length 
fish (RSD-P) (Anderson and Gutreuter 1983 ) .  PSD is the 
number of fish � quality length divided by the number of 
fish � stock length multiplied by 100, and RSD-P is the 
number of fish � preferred length divided by the number of 
fish � stock length then multiplied by 100. For smallmouth 
bass, minimum stock (S), quality (Q), and preferred (P) 
lengths are 180, 280, and 350 mm, respectively (Gabelhouse 
1984 ) .  Convenient tables from which confidence intervals 
for these indices can be extrapolated were provided by 
Gustafson (1988 ) .  Age structure was analyzed by calculating 
the number and percent an age class contributed to the 
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population sample. 
Model 
Simple modelling was performed to evaluate the effects 
of growth and mortality on size structure and on the 
relative densities of quality-length smallmouth bass. 
Actual growth data were used to simulate a slow-growing 
population (Lake Sharpe ) and a fast-growing population 
(Kampeska Lake) . First, back-calculated total length at 
each age for both slow- and fast-growing populations were 
used to determine what percentage of a given age reached 
stock or quality length (Appendix A) . Then, 20, 30, 40, 50, 
and 60% total annual mortality rates were applied to a 
constant of 100 recruits (age l) for successive years up to 
age 12 to determine the number of survivors at a given age. 
Finally, the number of survivors at a given age were 
multiplied by the percentages of the respective age in 
Appendix A to determine the hypothetical number of 
smallmouth bass at each age that reach stock or quality 
length. With this information, proportional stock density 
(PSD) and the relative density of quality-length fish for 
slow- and fast-growing populations could be calculated. 
Appendices B through F contain the information used to 
calculate PSD and the relative density of quality-length 
smallmouth bass for slow- and fast-growing populations at 
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2 0 ,  30, 4 0 ,  50, and 60% total annual mortality, 
respectively. 
RESULTS AND DISCUSSION 
Catch Rates 
In 1990, electrofishing occurred primarily over 
rock/boulder substrates to maximize the number of smallmouth 
bass caught (Table 3-2 ) . Catch rates at Angostura and 
Shadehill reservoirs were probably reduced because of high 
conductivities ( 2 , 9 4 0  and 1 , 8 3 0  uS/cm, respectively) 
(Reynolds 1983) and should be viewed as conservative catch 
rates when compared with other waters . At Amsden and Brant 
Lakes, rock/boulder substrates did not dominate any one 
electrofishing station; however, a few smallmouth bass were 
collected at Brant (Table 2-4 ) . At East Whitlock Bay, 
smallmouth bass were caught in the protected sand/gravel 
areas of the bay at a rate of 6 . 0  fish per hour of 
electrofishing. Areas of East Whitlock Bay dominated by 
rock/boulders received high wind and wave action just prior 
to electrofishing; perhaps causing offshore movement of 
smallmouth bass. 
It was apparent that electrofishing had to be done at 
night to collect smallmouth bass. Day electrofishing on the 
Missouri River below Oahe Dam yielded no specimens. 
However after dark of that same day nearly 7 0  smallmouth 
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Table 3-2. catch rates (1989 and 1990) of stock-length 
smallmouth bass and all smallmouth bass over substrates 
dominated by rock/boulder. Catch rates are number of 
smallmouth bass caught per hour of night electrofishing with 
80% confidence intervals. Confidence intervals were not 
calculated for waters where less than three sites were 
sampled. 
Water 
Amsden 
Brant 
Clear-1989 
Clear-1990 
Kampeska-1989 
Kampeska-1990 
Pickerel 
Angostura 
Newell 
Shadehill 
Francis Case 
Fort Randall 
Pease Creek 
Chamberlain 
Lewis & Clark 
Gavins Point Dam 
Oahe 
Oahe Dam 
East Whitlock 
Sharpe 
Missouri River 
(Pierre) 
stock-length only 
Bast River 
N/A1 
N/A 
32.0±3 2 . 9  
6 4 . 0  
4 1 .  3±13 . 3 
3 8 . 0  
2 2 . 4± 6 . 9  
West River 
1 1 . 0± 6 . 2  
1 4 . 0  
6.4± 3 . 7  
Missouri Mainstem 
4 2 . 0± 7 . 9  
8 . 0± 6 . 3  
17.1± 5 . 1  
2 .  0± 1 .  3 
29.3± 1 2 . 5  
0 . 0  
4 3 . 2±25 . 0  
all 
7 4 . 0±73 . 0  
100 . 0  
4 9 . 3±20 . 6  
56 . 0  
27 . 2±10 . 3  
2 0 . 0± 9 . 6  
4 6 . 0  
14.4±1 3 . 5  
4 2 .  4± 7 . 9  
10.7± 6 . 0  
19 . 4± 4 . 9  
2.7± 2 . 0  
4 0 .  6±1 1 .  2 
o.o 
69 . 6±32 . 0  
• N/A - not available; no sites with rock/boulder substrate 
were sampled. 
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bass (all sizes) were caught per hour of electrofishing in 
an area with similar habitat just downstream from the 
daytime site. 
Age and growth 
A wide range in smallmouth bass growth was encountered, 
with back-calculated lengths at age 3 ranging from 173 to 
321 mm (Table 3-3) . Unweighted means for South Dakota 
waters were not calculated beyond age 4 due to lack of age-5 
and older fish in all samples. Because electrofishing was 
biased toward smaller fish, older fish were only 
consistently sampled from waters with slower-growing fish. 
Carlander ' s  (1977) regional mean back-calculated lengths for 
Michigan, Minnesota, and Wisconsin were included in Table 
3-3 for comparison with the South Dakota mean. 
Recruitment 
Recruitment was defined as the point at which natural 
mortality is no longer catastrophic and year-class strength 
has been established. I considered year-class strength to 
be established after a cohort survived through the first 
winter of life. Summarized in Table 3-4 are the mean number 
of age-l smallmouth bass caught per hour of electrofishing. 
Further research will be needed to determine whether these 
data provide a valid index to recruitment . 
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Table 3·3. Mean back-calculated total lengths with s�le s;ze in parentheses 
collected from South Dakota waters with electrofishing gear and fyke nets. 
for sul lmouth bass 
Mean back-calculated total l Mgth (""') at age 
Water 2 3 4 5 6 7 
Ponds 
Jones COUlty 1 87 <22> 149 (22) 192 (17) 241 (6) 2n <6> 296 (4) 338 (1) 
Jone-s COU\ty 2 115 (1) 263 (1) 316 (1) 
East River 
Br21nt 143 <20) 195 (2) 285 (2) 
Clear-1989 105 (94) 207 (57) 258 (1) 
Clear-1990 100 <25> 193 ( 16) 245 (3) 
Kaorpeska-1989 95 (52) 199 (46) 291 (34) 349 (2) 
K°"""ska-1990 112 (25) 213 <21) 284 (16) 331 (3) 374 ( 1) 
Pickerel 85 (50) 176 (46) 267 C22l 3n C3l 
Yest River 
Angostura 100 <21) 163 (21) 205 C21J 257 (21) 
Newell 92 (13) 167 (11) 261 (2) 
Shadehil l 97 (23) 175 (15) 213 (8) 252 (5) 325 (1) 
Mi$$0Uri llainstem 
Francis Case 
Fort Randall 118 (60) 239 (60) 303 (15) 
Pease Creek 121 ( 18) 248 (14) 321 (3) 
Chanberlain 112 (34) 232 (29) 305 (3) 
Lewis & Clark 
Gavins Point 
Darn 104 (4) 217 (3) 265 (1) 323 (1) 
Oahe 
Oahe Oam 99 <61) 156 <61) 205 (60) 276 ( 1) 
East Whitlock 99 (9) 203 (9) 265 (3) 330 (1) 
Sharpe 
Missouri River 93 (90) 129 (67) 173 (51) 235 (48) 247 (4) 
(Pierre) 
Unweighted mean 
of rneans 100 196 259 297 
MJ, MN', IJJ8 83 161 236 308 363 419 379 
Regional mean from Carlander (1977). 
2 4  
Table 3-4. Mean number of age-1 smallmouth bass and the 
mean number of sub-stock (<180 mm) smallmouth bass caught 
per hour of night electrofishing from South Dakota waters . 
Water 
Amsden 
Brant 
Clear-1989 
Clear-1990 
Kampeska-1989 
Kampeska-1990 
Pickerel 
Angostura 
Newell 
Shadehill 
Francis Case 
Fort Randall 
Pease creek 
Chamberlain 
Lewis & Clark 
Gavins Point Dam 
Oahe 
Oahe Dam 
East Whitlock 
Sharpe 
Missouri River 
(Pierre) 
Age 1 
East 
o . o  
4 . 8  
1 1 .  l 
3 6 . 0  
i.o• 
18 . 0  
2 . 6  
West 
o . o  
4 .  o• 
4 . 0  
Mainstem 
o . o  
2 .  o• 
2 . 3  
0 . 5  
0 . 0  
o . o  
18. 3• 
Sub-stock 
River 
o . o  
7 . 6  
1 1 . 5  
3 6 . 0  
1 .  0 
18 . 0  
3 . 2  
River 
0 . 0  
1 4 . 0  
5 . 5  
Reservoirs 
0 . 8  
2 . 0  
2 . 9  
0 . 5  
11. 3 
0 . 0  
2 5 . 6  
•smallmouth bass fingerlings were stocked the previous year. 
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In the north-temperate zones, smallmouth bass year­
class strength ( i . e . , first winter survival of fingerlings) 
has been correlated with fry survival and first-year growth 
(Shuter et al. 1980 ) .  Thus, the values in Table 3-4 do not 
necessarily reflect high or low winter survival . Further, 
any fingerling stockings cannot be separated from natural 
reproduction. 
The catch rates for fish less than stock length were 
also summarized in Table 3-4.  The greatest discrepancies 
between the number of age-1 fish and the number of fish less 
than stock length were associated with the slower-growing 
populations in waters such as Newell, Oahe Dam (face) , and 
the Missouri River (Lake Sharpe) . Therefore, catch rates of 
sub-stock fish can provide a useful recruitment index for 
fast-growing populations. However, aging of fish would be a 
necessary precaution to prevent possible overestimation of 
recruitment in slow-growing populations. 
Size and Age Structure 
Quantification of length-frequency data with PSD (Table 
3-5) indicated a wide range in size structure for smallmouth 
bass samples among waters . In part, variable year-class 
strength is one factor influencing size structure . Table 
3-6 contains age structure data which clearly illustrate 
fluctuating year-class strength. The combined effects of 
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Table 3-5. Proportional stock density (PSD) with 80% 
confidence intervals and relative stock density of 
preferred-length (RSD-P) smallmouth bass collected from 
South Dakota waters .  N is the number of stock-length 
smallmouth bass in the sample. 
Jones County l 
Jones County 2 
Brant 
Clear-1989 
Clear-1990 
Kampeska-1989 
Kampeska-1990 
Pickerel 
Angostura 
Newell 
Shadehill 
Francis Case 
Fort Randall Dam 
Pease Creek 
Chamberlain 
Lewis & Clark 
Gavins Point Dam 
Oahe 
Oahe Dam 
East Whitlock 
Sharpe 
Missouri River 
(Pierre) 
N PSD±;80%C. I .  I 
Ponds 
16 19 
1 100 
East River 
6 0 
52 0 
16 0 
42 55±12 
23 57±17 
40 10 
west River 
22 27±16 
6 17 
11 18 
Missouri Mainstem 
58 28± 9 
14 36±22 
30 17 
3 33 
4 4  16± 9 
9 1 1  
5 5  11± 6 
RSD-P 
0 
0 
0 
0 
0 
0 
4 
5 
0 
0 
0 
2 
7 
0 
0 
0 
0 
0 
• Confidence intervals were not calculated when sample sizes 
were too small for statistical validity {Gustafson 1988) . 
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Table 3-6. Age structure of smallmouth baas caught by electrofishing from waters of South Dakota 
represented as both the actual nl.ll'lber of ftsh and relative percentage (In parentheses) at a given 
age. An asterisk indicates that smallmouth besa ftngerlings were stocked the year that age·class 
was hatched. 
\later 
Jones County 1 
Jooes County 2 
Brant 
Clear-1989 
Cltar-1990 
K""l""ska-1989 
K-ka-1990 
Pickerel 
Angostura 
Hewell 
Shadelll l l 
Francis Case 
fort Randel t 
17 <100) 
47 (47) 
9 (36) 
6 (13)* 
9 (30) 
13 <Z3l 
z (15)* 
8 (35) 
Pease Creek 4 (22)* 
Cllaoberloln 5 (15) 
Lewis & Clerk 
G-.avins Point 0• 1 <25> 
Oahe 
oahe OM 
East \itiltlock 
Sharpe 
Missouri River 24 <26>* 
(Pierre) 
2 
5 (23) 
• 
52 (52) 
13 (52) 
12 (25)* 
5 (17)* 
ZS <45> 
9 (69)* 
7 ()0) 
45 (75) 
11 <61) 
26 <76)• 
2 (50) 
1 (2) 
6 <67> 
16 ( 18) 
3 
11 (50) 
1 ( 100) 
1 (1) 
3 <12> 
Z9 (60)* 
13 (43)* 
16 (29)• 
2 (15)• 
4 
East River • 
• 
1 (2)* 
2 (7)• 
2 (4)* 
\lest River 
21 (100) 
3 (13) 4 (17) 
Missouri Mainstem 
15 (25) 
J ( 11) 
J (9)* 
1 (25) 
59 (96)* 
2 <22> 
J (J) 
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• 
1 (2) 
1 (11) 
44 (48)* 
5 
2 (9) 
• 
• 
• 
(4) 
• 
4 (4)* 
6 
J (14) 
• 
• 
• 
• 
7 
1 (5) 
• 
• 
variable recruitment and growth on PSD can be easily 
demonstrated. For example, the majority of smallmouth bass 
in Kampeska Lake reached quality length (280 mm) by age 3 ,  
and in 1989 age-3 smallmouth bass comprised 60% of the total 
catch. As a result, a high proportion of fish were quality 
length and the PSD was 55. The smallmouth bass in Lake 
Francis case in the Chamberlain vicinity had comparable 
growth, but age-2 fish dominated the catch (76%) in 1990. 
The majority of age-2 fish reached stock length (180 mm) but 
not quality length. As a result , the sample had a PSD of 
17. Fast-growing populations with variable year-class 
strength will likely have erratically fluctuating PSD ' s .  
Carline et al. (1984) found that recruitment had a greater 
influence on PSD than growth or mortality of largemouth bass 
(Micropterus salmoides) in medium to large Ohio 
impoundments .  
In contrast, slow-growing populations may be less 
likely to exhibit erratic fluctuations in PSD due to strong 
(or weak) year classes. For example, the smallmouth bass in 
the Missouri River (upper Lake Sharpe) began to reach stock 
length at age 3 ,  with the majority of age-4 and -5 fish 
remaining at stock length and not reaching quality length . 
In 1990, the catch was dominated by age-4 fish and the PSD 
was 11. In 1991, the catch should be dominated by age-5 
fish, and little increase in PSD would be expected because 
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most of these fish will still be below quality length. 
Aside from recruitment and growth, PSD is affected by 
gear bias and mortality. Electrofishing is selective toward 
smaller smallmouth bass (Chapter 2 ) .  Thus , PSD calculated 
from an electrofishing sample will likely be lower than the 
true population PSD. In addition, the effects of cumulative 
annual mortality would have a greater impact on a year class 
of smallmouth bass from a slow-growing population than on a 
fast-growing population. However, a slower-growing 
population of smallmouth bass would also have a lower 
expected PSD value than a faster-growing population of 
smallmouth bass, assuming similar recruitment and mortality. 
Body Condition 
Relative weight (Wr} values of smallmouth bass (Table 
3-7) were difficult to relate to other catch data. This was 
likely due, in part, to varying pre- and post-spawn 
conditions of the fish. For example, smallmouth bass 
sampled at one location would be in pre-spawn condition, 
while those at another would be in post-spawn condition. In 
general , most smallmouth bass populations from East River 
lakes and mainstem reservoirs had good body condition (90-
1 10 ) ;  while fish in the West River reservoirs, especially 
Angostura , had poor body conditions (76-87 ) .  These low Wr 
values in the western reservoirs may be associated with 
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Table 3·7. Relat ive weight C!t[> of smallllOUth beaa by &ite category collected from 
water& in south Dakota. stie categories are stock (180 nn) to quality <280 !Tn) 
l ength (S•Q), quality to preferred (350 om) l""Slth (Q·P), and preferred to 
mMIOrable (430 m) length CP·N). The overal l  11ean W,t. with 80% confidence Intervals 
was also calculated for all stock· length flah. Size categories with different letters 
are significantly dtffere-nt (P:0.05) within a 9lven body of water. 
Water S·Q 
Jones Co. #1 73 
Jones Co. #2 
Brant 1058 
Clear·1989 94 
Clear-1990 87 
K""""sko· 1989 1068 
K�ka·1990 101 
Pickerel 918 
Angostura 75• 
Newell 85 
Shadehi l l 88 
Francis Case 
Fort Randal l  OM! 94• 
Pease creek 90
8 
Chaoi>erl al n 99 
lewis & Clerk 
Cavin Pt. O• 90 
Oahe 
oahe OM a1• 
E. Whitlock 99 
Sharpe 
Missouri R. 
(Pierre) 
968 
*One fish. 
Q-P 
Porda 
71 
110 
�It Rh<>r 
121 
1031 
102 
921 
Wostbll-
81 
94 
82 
•Hssourf Mofnstem 
wb 
94•
b 
98 
86 
aa
b 
102 
108b 
3 1  
P·M 
109;!;5.0 
94+1.5 
87!1 .7 
104!1 .4 
101!1.7 
93!1.4 
76+1 .5 
57+:3.2 
87!2.6 
95!1.6 
93!2.7 
99;!;1.5 
89;!;3.1 
82!1.1 
99;!;2. 1 
declining water levels due to recent drought conditions and 
irrigation releases. Visual assessment of fish condition 
matched well with calculated values. 
Preliminary Assessment of Stocking 
Environmental conditions determined the success of 
stocking and the subsequent smallmouth bass population 
characteristics at a given body of water. However, the role 
of stocking for population maintenance and enhancement needs 
to be assessed. Without further stocking some waters may 
not reach or maintain full habitat potential if 
reproduction/recruitment is a limiting factor. The Oahe Dam 
sample provided one extreme example where 96% of the 
smallmouth bass were of one age group ( 4 ) , and may have been 
stocked (Table 3-6) . The Lake Sharpe sample (Missouri 
River) was dominated by age groups 1 and 4 ,  which also may 
be stocked fish. In contrast, smallmouth bass in other 
waters ( e . g . ,  Francis Case, Clear and Pickerel Lakes) are 
clearly reproducing . Age-1 and -2 fish were naturally 
recruited and dominated the samples at Clear and Pickerl 
Lakes. 
Age groups in years when smallmouth bass were stocked 
did not always dominate catch samples. Age-1 fish in the 
Newell Lake and Pease Creek (Lake Francis case) samples, and 
age-3 fish in the Chamberlain sample did not dominate even 
3 2  
though fingerlings were stocked the year those age groups 
were hatched . Further research is needed to determine the 
contribution of stocked fingerlings to smallmouth bass 
populations, and to determine when fingerling stockings are 
needed. 
Assessment of the Need for Harvest Regulations 
Before harvest regulations are instituted for any fish 
population, angling effort, sample catch rates , growth, 
recruitment , and mortality should be considered. Angling 
for smallmouth bass in highly accessible South Dakota waters 
will likely increase as the fish continues to gain 
popularity. currently (1990) , harvest regulations on 
smallmouth bass in South Dakota waters are a five-fish creel 
limit with no size limit and no closed season. 
Age and size composition of the angler catch may depend 
initially upon what portion of the population is catchable 
(legal ) ,  and eventually on sustained impacts of fishing. 
Excessive fishing can result in a population of small 
smallmouth bass, depending on growth rates and angling 
effort. Studies have shown that the catch of smallmouth 
bass by fishermen is composed mainly of fish less than 305 
mm (Fraser 1955; Latta 1963; Marinac-Sanders and Coble 1981; 
Serns 1984) . Smallmouth bass of ages 1 to 4 were most 
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heavily exploited where no size limit was in effect 
(Marinac-Sanders and Coble 1981),  and ages 3 to 6 were most 
heavily exploited where a 254 mm size limit or angler 
preference dictates (Fraser 1955; Latta 1963 ) .  
Clady et al. (1975) studied the impacts of trophy 
angling on four previously unexploited populations of 
smallmouth bass in northern Michigan and found substantial 
changes in size and age composition. In three lakes, trophy 
fish (greater than 457 mm) declined from 75-90% of the fish 
sampled to 0 . 0 - 4 . 4 % .  In all four lakes, the mean length 
declined an average of 69 mm .  In two of the lakes, the 
proportion of age-8 and older smallmouth bass caught in nets 
declined from 39 and 66% to 6 . 3  and 6 . 2% of the catch, 
respectively. Finally, there was a substantial increase in 
the number of smallmouth bass sampled in progressive years, 
indicating an increased density of smaller fish. Similarly, 
Van Woert (1980) implicated high exploitation by anglers as 
the reason for the large population of small smallmouth bass 
in Shasta Lake, California. Neither study indicated whether 
or not increased densities resulted in slower growth . 
The amount of fishing exploitation a population can 
withstand may depend, in part, upon the inherent 
productivity within a lake, which is reflected by growth and 
recruitment. Table 3-8 contains hypothetical PSDs and 
numbers of quality-length fish for slow- and fast-growing 
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Table 3-8. Hypothetical proportional stock density (PSD) 
and relative number of quality-length (�280 mm )  fish for 
slow- and fast-growing smallmouth bass populations 
(represented by Lake Sharpe and Lake Kampeska, respectively) 
subjected to 20, 30, 40, 50, and 60% total annual mortality. 
Assumptions are that recruitment and growth remain constant . 
PSD Quality-length fish 
Mortality slow fast slow fast 
2 0  4 8  79 123 271 
30 37 70 50 147 
4 0  24 59 16 75 
50 18 5 1  7 44 
60 15 40 3 2 2  
3 5  
south Dakota populations to illustrate the effects of 
different growth and total annual mortalities. Calculations 
of PSD and number are based on the models in appendices A-F. 
This range of mortality rates is typical of those reviewed 
by Coble (1975 ) . A mortality rate of 20% may be 
representative of a smallmouth bass population with little 
or no fishing mortality. 
This information indicates that a fast-growing 
population will maintain a higher quality smallmouth bass 
fishery at various mortality rates than a slow-growing 
population. The assumption that recruitment is the same at 
different growth and mortality rates is essential for 
understanding how densities of quality-length fish vary. 
However, recruitment can have substantial effects on the 
density of quality-length fish. For example, if the fast­
growing population with 30% mortality were to have one-third 
of the recruits as that of the slow-growing population at 
30% mortality, then the number of quality-length fish would 
be practically the same ( i . e . , 49) for both populations. 
However, PSD would remain the same ( i . e . ,  70)  for the fast­
growing population, because it is an expression of relative 
numbers. Therefore, catch rates, as an index of density, 
are necessary in defining a quality population, especially 
when inherent differences in lake productivity partially 
determine the numbers or biomass a lake can support. 
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In addition, variable year-to-year recruitment may have 
an influence on the ability of a population to withstand 
exploitation. The influence of a strong year class on size 
structure was previously discussed (see Size and Age 
Structure) .  Often, a single strong year class may carry the 
burden of exploitation for several years. An estimate of 
the cumulative catch that a year class contributes to the 
fisheries beginning at the time it enters the harvestable 
stock until all members of that year class are dead has been 
termed the virtual population (Fry 1949 ) . Fraser (1955) 
reported a positive correlation between the availability 
(catch per 100 h of angling) and virtual population of 
smallmouth bass in South Bay, Lake Huron. He reported that 
the smallmouth bass fishery recovered after 1949 due to the 
virtual population of the 1947 year class which contributed 
34%,  71%, and 67% of the angler catch in 1950, 1951, and 
1952, respectively. Latta (1963) found that the 1947 year 
class supported 51% and that the 1949 year class (partially 
recruited) supported an additional 37% of the 1953 
smallmouth bass fishery at Waugashance Point, Lake Michigan. 
The 1949 year class further contributed 88% and 71% of the 
catch, respectively , for the 1954 and 1955 sport fisheries. 
MANAGEMENT IMPLICATIONS 
1 )  Stocking efforts will need to be modified based on 
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the extent of natural recruitment; however, further research 
is needed . Possible density-dependent impacts on growth 
should be monitored . 
2 )  Criteria for fishing regulations should take into 
consideration sampling catch rates, growth, and recruitment . 
At the least, impacts of regulations on different population 
types (such as, slow growing/variable recruitment versus 
fast growing/consistent recruitment populations) should be 
evaluated. 
3 )  Proportional stock density as an index o f  size 
structure and catch rates as an index of density provide 
quantitative measures of the quality of a smallmouth bass 
population. 
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Chapter 4 .  
RELATIONSHIP OP LIMNOLOGICAL CHARACTERISTICS 
TO SMALLMOUTH BASS IN EASTERN SOUTH DAKOTA LARES 
INTRODUCTION 
In South Dakota, fingerling smallmouth bass were 
introduced into lakes with existing fish communities. 
Differences in chemical ,  physical, and biological factors 
among these lakes exist, and likely influence recruitment, 
growth, and mortality of smallmouth bass. Smallmouth bass 
have either a range of tolerance or minimal requirements for 
certain environmental factors . Thus , ecosystem processes 
within each lake determine the extent to which a population 
of smallmouth bass reproduce, grow, and survive. The 
objective of this chapter is to provide an evaluation of the 
relationship of various physical, chemica l ,  and biological 
factors to smallmouth bass population characteristics in 
five eastern South Dakota Lakes . 
METHODS 
Four lakes of glacial origin and one man-made 
impoundment on the Prairie Coteau of eastern South Dakota 
were chosen for study. These include Clear Lake in Marshall 
County, Pickerel Lake in Day County, Kampeska Lake in 
Codington county, Brant Lake in Lake County, and man-made 
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Amsden Lake in Day County . 
Prior to smallmouth bass introductions, these study 
lakes were managed primarily for walleye Stizostedion 
vitreum, northern pike � lucius, and various panfishes. 
Four lakes have been stocked with smallmouth bass in four 
consecutive years, and Brant Lake has been stocked in three 
years. Stocking densities varied among years and lakes 
(Table 4-1 ) . 
Biological Data Collection 
Fish collection occurred in May and June when water 
temperatures approached 15°C. Electrofishing gear and fyke 
nets were used concurrently, but on a rotating basis so that 
operation of one gear did not influence catch in another. 
Shoreline seining was performed in late July and August. 
Within each lake, 2 0  sampling stations were selected 
systematically and served as standardized fyke netting and 
seining stations. Night electrofishing was conducted with a 
5 . 5-m Coffelt electrofishing boat (VVP-15) using pulsed DC 
current powered by a 7 , 500-watt generator. One person 
dipped selectively for smallmouth bass during standard 15-
min sampling intervals. The total length (mm) of all 
smallmouth bass and the total number collected were recorded 
for each 15-min interval . Fyke nets were set at each station 
for one night. Fyke nets had a mesh size of 13 mm (bar 
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Table 4-1. Smallmouth bass fingerling stocking densities 
(number per hectare) in five eastern South Dakota lakes. 
Year Clear Pickerel Amsden Brant Kampeska 
1982 87 0 0 0 0 
1983 8 40 0 0 0 
1984 11 13 2 1  19 0 
1985 23 llO 105 100 24 
1986 0 65 105 0 32 
1987 0 0 61 35 18 
1988 0 0 0 0 18 
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measure) , a frame dimension of 1 . 2  x 1 . 2  m, and a lead 
dimension of 1 . 2  x 2 2 . 9  m. The total length and numbers of 
each fish species were recorded for each net. One seine 
haul was attempted at each sampling station by drawing the 
seine out into the lake perpendicular from shore, and 
pulling it back into shore in an arc-like fashion to cover 
an area roughly the shape of a quarter circle ( i . e . , a 
Swingle arc) . The seine measured 1 5 . 2  x 1 . 8  m, including a 
1.8- x 1 . 8- x 1 . 8-m bag, and had a 6-mm mesh (bar measure) . 
The length (mm) of all game fish were measured and the total 
numbers recorded, and the total weight of each non-game 
species were measured and the total numbers recorded . Game 
and non-game fish are defined in Apppendix G. Regardless of 
gear, 10 smallmouth bass and five of each of the other game 
species per centimeter length group were weighed, measured 
for length, and sampled for scales. 
Zooplankton samples were collected with a plankton tow 
net having 153-um mesh. A vertical tow (bottom to top) was 
performed in the littoral zone at every other sampling 
station and in the limnetic zone at the other 10 stations. 
Sampling was performed once in the spring and once in mid­
summer . Zooplankton samples were preserved in a solution of 
80 g/L of sugar in 10% formalin, and the depth of each 
vertical tow recorded . 
Crayfish were collected at each sampling station using 
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funnel traps placed in the littoral zone and baited with 
approximately 400 to 500 g of freshly-cut pieces of dead 
common carp Cyprinus carpio. Collections were made once in 
mid-summer. Total carapace length (mm) of each specimen, 
and the mean number and biomass of crayfish per trap were 
recorded. 
Physical and Chemical Data Collection 
Three subjectively defined habitats were identified 
based on the dominant substrate encountered during each 
electrofishing "run " :  rock/boulder (>15 cm with 
interstitial space) , gravel/sand (<15 cm without 
interstitial space) , and silt/organic matter (unwashed, 
eroded substrates and/or vegetated areas) . A temperature 
profile was taken in mid-summer with a Digi-sense thermistor 
manufactured by Cole Palmer Company. Other physical and 
chemical data were recorded once in the spring and once in 
mid-summer. Turbidity was measured with a turbidimeter, 
model DRT-1 5 ,  made by H. F. Scientific, Incorporated . Light 
penetration was measured with a Secchi disc. Conductivity 
was measured with a Hach TDS/conductivity meter, model 
44600. An equation , developed from published conductivity 
and total dissolved solids data (State Lakes Preservation 
Committee 1977 ) ,  was used to determine TDS from the measured 
conductivity. Only data available for the study sites were 
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used. The linear regression equation was TDS = -83.241 + 
0 . 8 2 2 (conductivity) (Rz = 0.982, P < 0 . 0001) . The 
correction factor in literature that accompanied the Hach 
conductivity meter ( 0 . 5 )  was erroneous for the typical ionic 
content of eastern South Dakota lakes. Methyl-orange 
alkalinity was measured with a Hach alkalinity test kit, 
model AL-AP. Other data included calculation of the 
morphoedaphic index (MEI) (Ryder 1965 ) ,  shoreline 
development index (SDI) (Orth 1983 ) ,  and length of shoreline 
(km) . 
Analysis of Data 
Rigorous analyses of the data among lakes were 
precluded by the low number of lakes and the highly variable 
nature of measured ecosystem factors .  Nevertheless, 
possible relationships of limnological characteristics with 
smallmouth bass population characteristics deserved 
interpretation with respect to current research findings of 
others . Thus, when statistical analyses were significant at 
the a = 0 . 20 level, further investigation and discussion was 
judged to be warranted . All statistical analyses were made 
using the Statistical Analysis System (SAS) for personal 
computers (SAS Institute , Cary, North Carolina ) . 
The relative density and relative biomass of smallrnouth 
bass were indexed as the mean catch (number and kg) per hour 
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of electrofishing with 80% confidence intervals. To index 
recruitment, electrofishing catch rates (number/h) of both 
age-1 and sub-stock (<180 mm) smallmouth bass were used. 
Also, the relative density and relative biomass of game and 
non-game species were calculated as the mean catch (number 
and kg) per fyke-net night with 80% confidence intervals . 
Smallmouth bass reproduction (age-o fish) and the relative 
density of each of the smaller game species (age-0 fish) and 
prey species were calculated as the mean catch (number) per 
seine haul. 
Annual growth of smallmouth bass was determined by 
aging the scales and back-calculating a mean total length 
(mm) at each age (See Methods and Materials in Chapter 2).  
Relative weight (ill:) indexed fish condition using the 
smallmouth bass standard weight equation provided by 
Anderson (1980) . 
Age structure was analyzed by calculating the percent 
composition a year class contributed to the population. 
Size structure of all game species was quantified using 
stock density indices (Anderson and Gutreuter 1983 ) ,  with 
80% confidence intervals (Gustafson 1988 ) . 
The relative density and relative biomass of crayfish 
were calculated as the mean catch (number and weight) per 
trap night. All species of crayfish were combined. 
Zooplankton samples were filtered to either 100 ml or 
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50 ml. One 1-ml subsample was taken from each filtered 
sample and placed in a 2 00-mm slide with a linear trench of 
approximately 1 . 5  ml volume. A microprojector, as a unit, 
was placed above a digitizing pad, whereby the width of the 
linear trench, when placed on the microprojector table, was 
projected onto the digitizing pad. As the slide was moved 
across the microprojector table, individual zooplankton 
specimens could be identified and then measured with a 
digitizing "mouse". Sample location and depth of vertical 
tow were also recorded, and each sample was saved as its own 
file on a computer disc. Within each lake and for each 
zone, files were combined and used to determine species 
composition, mean length (mm) , and mean density (number/L) . 
RESULTS AND DISCUSSION 
Physical and Chemical Characteristics 
Physical and chemical characteristics are best 
discussed in terms of smallmouth bass habitat suitability. 
Edwards et al. (1983) developed a Habitat Suitability Index 
(HSI) model for smallmouth bass based on existing 
literature. They determined the following to generally be 
optimal in lacustrine systems: a depth of 9-10 m; substrate 
of gravel, rocks , and boulders; turbidity from O to 35 JTU; 
total dissolved solids from 100 to 350 ppm ; dissolved oxygen 
above 5 ppm; and pH from 7 . 0  to 8 . 5 .  Physical and chemical 
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characteristics of the study lakes are presented in 
Table 4-2. Although depth and substrate are not directly 
related to water quality, deeper waters may provide mid­
summer refuge from high surface temperatures and light 
conditions, and the substrate may be related to production 
of foods preferred by smallmouth bass. Only one of the 
study lakes was greater than 9 m deep; however, thermal 
stratification did not occur in mid-summer. For example, at 
Pickerel Lake temperatures from the surface to the bottom 
( 1 2  m) ranged only from 26°C to 23°C, respectively. 
Turbidity and total dissolved solids were within the ranges 
presented above. Dissolved oxygen and pH were not perceived 
to be problems in these lakes. 
The above physical and chemical factors, along with 
lake morphometry, affect growth, reproduction, recruitment, 
and mortality of smallmouth bass in one form or another. In 
that context the physical and chemical factors are 
discussed. 
Smallmouth Bass Sampling Data 
Mean seining catch rates of age-o smallmouth bass were 
dissimilar among lakes (Table 4-3) . The variation in age-0 
densities was difficult to assess due to the confounding 
effects of recent introductions and current establishment of 
viable populations. However, the physical nature of Amsden 
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Table 4-2. Physical and che.mical characteristics of five 
study lakes in eastern South Dakota. 
Feature Amsden 
Surf ace 
area 95 
(hectares) 
Maximum 
depth (m) 7 . 3  
Mean 
depth (m) 2 .  7 
Length of 
shoreline 1 0 . 9  
(km) 
Shoreline 
development 3 . 2  
index 
Specific 
conductance 1250 
(US/cm) 
Tos• 944 
MEib 350 
M . O . A . c  238 
Turbidity 
(NTUd) 4 .  9 
Secchi (m) 2 . 7  
Brant 
401 
4 . 3  
3 . 0  
8 . 9  
1. 3 
1210 
911 
304 
119 
2 . 3  
3 . 8  
1 TDS = total dissolved solids 
b MEI = morphoedaphic index 
Lake 
Clear 
439 
6 . 1  
3 . 7  
12 . 7  
1 .  7 
750 
533 
144 
289 
2 . 1  
1 .  7 
• M.O.A.  = methyl-orange alkalinity 
d NTU = nephelometric turbidity units 
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Kampeska Pickerel 
1949 386 
4 . 4  1 3 . 1  
3 . 4  6 . 1  
2 1 .  7 1 5 . 1  
1 . 4  2 . 2  
515 470 
340 303 
77 50 
238 221 
18 . 0  3 . 5  
0 . 8  1 . 1  
Table 4·3. Mean rn.inbor of age·O game f lsh end potential prey ff sh caught 
per seine haul from five eastern South Oakoto lakes. N represents the nul't>or 
of setne hauls per lake. Standard errors are In parentheses. see Appendix G 
for s-cfentfffc names. 
SmalliOOUth bo•• 0.0 
Black crappie 17.2 (5.0> 
Bluegill 0.0 
CCl!mOn carp a 
Johmy darter a 
Log perch 0.0 
La1'11et110Uth bo11 0.0 
Northern pike a 
Rock bass 0.0 
Spottail shiner 0.0 
Valleye 0.0 
\l\ite bass 0.0 
Yellow perch 25.6 (8.0> 
Brant 
N'•20 
0.0 
• 
• 
0.0 
• 
• 
0.0 
0.0 
0.0 
0.0 
• 
• 
0.0 
• 
Clear Kampeska Pickerel 
N•16 N•ZO N•16 
5.7 C2.1J a 2.1 (0.7) 
0.0 • 1.1 (0.8) 
0.0 0.0 0.0 
1.0 (0.7) o.o 0.0 
0.0 0.0 0.0 
• • 0.0 
o.o 1.3 (0.5) • 
11.7 (3.6) 0.0 1.3 (0.5) 
• 0.0 • 
0.0 0.0 1.0 (0.5) 
0.0 50.4 (49.4) 0.0 
0.0 • • 
0.0 • • 
22.6 C9.4J a 27.9 (5.2> 
Coat>ined 44.7 (10.6) 2.8 (1.3) 41.6 (9.6) 53.6 (49.3) 31.8 (5.5) 
Indicates a mean <1.0. 
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Lake may not have been conducive to smallmouth bass 
reproduction. Substrates were primarily organic matter and 
extensively vegetated . 
Where age-0 smallmouth bass were collected by seining, 
field observations indicated they were rare or absent in 
vegetated areas. Okeyo and Hassler (1985) found no age-0 
smallmouth bass over exclusively mud bottoms of a California 
reservoir. 
Nest sites, newly-hatched fry, and small fingerlings 
require protected areas for survival (Latta 1963; Neves 
1975; Johnson and Hale 1977; Forbes 1981) . Brant and 
Kampeska afford little protection from high winds from most 
directions due to their near-circular shape (shoreline 
development index (SDI) of 1 . 3  and 1 . 4 ,  respectively] . In 
contrast , Clear (SDI of 1 . 7 )  and Pickerel (SDI of 2 . 2 )  
afforded relatively greater protection and had higher catch 
rates of age-0 fish. 
Electrofishing catch rates of age-1 and older 
smallmouth bass over substrates of rock/boulder were 
significantly higher than over other substrates (Table 2-4) . 
The presence of interstitial space among the rocks provide 
necessary cover for smallmouth bass (Edwards et al. 1983 ) . 
Therefore, the overall population density of smallmouth bass 
within a lake depended, in part, upon the availability of 
rock/boulder substrates for cover. 
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Growth, size structure , and body condition were 
variable among lakes. Smallmouth bass at Kampeska and Brant 
had a higher mean length at age 3 (Table 3-3) and had higher 
body conditions (Table 4-4) than smallmouth bass in Clear 
and Pickerel .  However, obvious discrepancies between 
Kampeska and Brant were size structure indices (Table 4-4) 
and catch rates by substrate type (Table 2-4) . Smallmouth 
bass in Kampeska had a high PSD, but those in Brant did not. 
This may be explained partially by the lack of rock/boulder 
substrates in Brant Lake that harbor larger smallmouth bass 
and thus, the resulting low population density. Drought 
conditions had also caused water-level declines at Brant 
Lake in recent years and available rock/boulder shoreline 
habitat was exposed. Further, the lack of smallmouth bass 
habitat likely made it difficult to electrofish the earlier­
stocked fish. 
Growth may have been partially dependent upon density. 
Clear Lake with the highest catch rate had the slowest 
growth , and lowest body condition. In contrast, Brant Lake 
with the lowest catch rate had fast growth , and the highest 
body condition . However, Kampeska and Pickerel had 
comparable catch rates, but distinct differences in growth, 
body condition , and size structure. Other factors related 
to lake productivity, such as food availability, likely 
influence density-dependent mechanisms. 
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Table 4-4. Proportional stock density (PSD) , relative stock 
density of preferred-length fish (RSD-P) and relative weight 
(Wr) of selected fishes in eastern South Dakota lakes. N/A 
indicates that a standard weight (Ws) equation is not 
available. 
Species 
Rock bass 
Black crappie 
Black bullhead 
Smallmouth bass 
Black crappie 
Black bullhead 
Smallmouth bass 
Black bullhead 
Smallmouth bass 
Rock bass 
White crappie 
White bass 
Smallmouth bass 
Rock bass 
Black crappie 
Yellow perch 
Stock density indices 
N 
14 
198 
50 
6 
35 
289 
52 
50 
42 
60 
111 
24 
40 
73 
10 
15 
PSD 
5 0  
2 5  
4 
0 
66 
20 
0 
38 
55 
98 
98 
100 
10 
34 
100 
7 
52 
RSD-P 
Amsden 
0 
0 
0 
Brant 
0 
60 
8 
Clear 
0 
12 
Kampeska 
0 
40 
86 
100 
Pickerel 
5 
l 
10 
0 
Relative weight 
N Mean Wr 
14 109 
25 101 
N/A 
8 109 
28 100 
N/A 
55 94 
4 5  
34 
47 
15 
43 
50 
10 
17 
N/A 
104 
112 
98 
87 
93 
101 
101 
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Food Availability 
The effects of population and community interactions, 
particularly competition for food and predator-prey 
interactions, may fluctuate relative to changes in abundance 
and size structure of species under consideration (predator 
or prey) . In addition, fluctuations may be anticipated 
following introductions of new species into a community. 
Concurrently, differences or similarities in food habits 
among various life stages of one or more species may 
determine how the size structure of a population or 
community defines food utilization and thus affect prey 
densities in different ways. Likewise, the abundance of one 
species may determine the extent of interspecific 
competition if dietary overlap is substantial. 
To evaluate such interactions, mean lengths of 
zooplankton species were measured in spring and summer to 
help assess community predator-prey relations and impacts of 
age-0 fish in a manner similar to Mills et a l .  (1987 ) .  
They suggested that if the mean length of Daphnia spp. was 
greater than 0 . 8  mm in the spring, then prey fishes were not 
believed to be excessive. If the mean length of Daphnia 
spp. dropped below 0 . 8  mm by mid-summer, then high 
production of young fish was probable. Daphnia spp. were 
used because they are generally the larger zooplankton 
species and first to be impacted by fish predation. 
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Oaphnia in all lakes had mean lengths greater than 0 . 8  
mm (Table 4-5) in the spring, suggesting no imbalance 
between predator and prey fish or excess of prey fish. 
Also, newly-hatched smallmouth bass fry probably had 
zooplankton as a readily available food source. In mid­
summer, Oaphnia spp. in all lakes except Pickerel had mean 
lengths greater than 0 . 8  mm (Table 4-5) , suggesting that 
zooplankton predation by young fish was not excessive, and 
that potential competition between age-0 fish was not a 
problem. In mid-summer, the mean length of Daphnia spp. in 
Pickerel was 0.67 mm. Although Pickerel did not have the 
highest density of age-0 fish (Table 4-3) in onshore areas, 
age-1 yellow perch (about 100 mm long) were equally as 
abundant as age-0 yellow perch. Abundant yellow perch 
likely accounted for the small size of Oaphnia spp. The 
high density of yellow perch (ages O and 1) may have 
resulted in competition or at least increased dietary 
overlap for food with age-0 smallmouth bass. If indeed 
there was competition for food, then smallmouth bass growth 
through the first year of life might be slower in Pickerel 
Lake than other nearby lakes. In early August, the mean 
length of age-0 smallmouth bass was 56 mm in Pickerel Lake 
and 72 mm in Clear Lake (Table 4-6) . In addition, the mean 
back-calculated length of smallmouth bass at age l in 
Pickerel was 85 mm, which was lower than the other lakes 
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Table 4-5. Mean length (mm) of zooplankton species 
collected in the spring and summer from offshore zones of 
lakes in eastern South Dakota. 
Species 
Cladocera 
Allonella 
Bosmina 
Daphnia 
Diaphanosoma 
Copepoda 
Diaptomus 
Cyclops 
Cladocera 
Allonella 
Bosmina 
Daphnia 
Diaphanosoma 
Copepoda 
Diaptomus 
Cyclops 
Amsden 
0 . 4 1  
1 . 02 
0 . 73 
0 . 59 
0 . 3 3  
0 . 3 3  
1 . 03 
0 . 63 
0 . 45 
Brant 
0 . 4 2  
1 .  39 
0 . 89 
0.63 
0.63 
0 . 4 0  
1 .  2 8  
0 . 8 1  
0 . 6 5  
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Clear Kampeska Pickerel 
Spring 
0 . 33 0 . 3 0  
0 . 3 7  0 . 27 
1 . 1 8  2 . 01 1 . 16 
o .  7 0  0 . 6 0  0 . 69 
0 . 5 9  0 . 8 5  0 . 79 
Summer 
0 . 3 1  
0 . 3 7  
1 .  3 1  1 .  2 0  0 . 67 
0 . 8 2  0 . 7 6  
0 . 72 0 . 8 1  0 . 7 1  
0 . 62 0 . 51 0.53 
Table 4-6. Mean length (mm), standard error, and range in 
length of age-0 smallmouth bass caught by shoreline seining 
from eastern South Dakota lakes. N represents the number of 
fish measured . Standard errors are in parentheses. 
Lake Date sampled 
Clear 7 August 1989 
Kampeska 26 July 1989 
Pickerel 4 August 1989 
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N 
50 
8 
34 
Mean length 
72 ( 1 . 2 )  
4 7  ( 1 . 0 )  
56 ( 1 .  0) 
Range 
55-93 
36-54 
48-73 
{Table 3-4 ) . Nevertheless, this is nearly identical to the 
83 mm regional (Michigan, Minnesota, Wisconsin) mean for 
length at age l for smallmouth bass reported by Carlander 
(1977) . 
Crayfish have been found to be a principal food source 
of smallmouth bass in many waters {Fedoruk 1966; Johnson and 
Hale 1977; Serns and Hoff 1984 ) .  catch rates (number and g) 
of crayfish (Table 4-7) varied among lakes and may be a 
function not only of smallmouth bass density and biomass, 
but also of substrate. Pickerel Lake had the highest catch 
rates of crayfish and also had the greatest observable 
interspersion of rocks and boulders throughout the lake. At 
Kampeska and Clear, the rock/boulder substrates were much 
more distinct from other substrates and, similarly, the 
smallmouth bass were rather concentrated in these areas. 
Concentrated populations of smallmouth bass may be more 
likely to impact crayfish populations, and may partially 
explain the low number or zero densities of crayfish found 
in Clear and Kampeska, respectively. Although he did not 
implicate cause and effect, Stein (1977) found a high 
inshore population of smallmouth bass and yellow perch and 
"conspicuously" low densities of crayfish in Nebish Lake, 
Wisconsin. However, using data from two other lakes he 
found an inverse relationship between crayfish abundance and 
relative fish abundance on sand substrates. 
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Table 4-7. catch rates (number and g per funnel trap) and 
mean carapace length (mm) of crayfish from eastern South 
Dakota lakes. Standard errors are in parentheses. N 
represents the number of funnel traps . 
Mean carapace 
Lake N Number/trap Grams/trap length (mm) 
Amsden 2 0  0 . 1  ( 0 .  1)  0 . 8  ( 0 . 7 )  3 1 .  5 
Brant 20 0 . 2  ( 0 .  1 )  3 . 1  ( 1.  7)  4 3 . 0  
Clear 18 0 . 6  ( 0 . 3 )  9 . 2  ( 5 . 4 )  3 6 . 2  
Kampeska 20 0 . 0  ( 0 . 0 )  o . o  (O.O)  
Pickerel 20 6 . 1  ( 1 .  8) 1 4 5 . 6  (42 . 3 )  4 3 . 0  
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crayfish were found to be the most important food item 
of smallmouth bass in Nebish Lake, Wisconsin (Serns and Hoff 
1984 ) .  However, in oligotrophic Katherine Lake, Michigan, 
Clady (1974) found that smallmouth bass relied heavily on 
small insects for food with crayfish abundant in the diet 
only in June. The lack of a suitable diet resulted in 
slower than average growth . Hubert (1977) found that 
crayfish in Pickwick Reservoir, Alabama, made up 48% of the 
food volume of smallmouth bass from 100 to 199 mm in length, 
but less than 15% of the food volume of smallmouth bass over 
300 mm in length. The larger smallmouth bass fed primarily 
on threadfin shad Dorosoma petenense and gizzard shad Q. 
cepedianum. Spottail shiners Notropis hudsonius (Table 2-3) 
may supplement the smallmouth bass diet in Kampeska in a 
similar manner. However, smallmouth bass taken from 
Kampeska for transport to research ponds regurgitated 
several logperch Percina caprodes in the transport tank. 
Regardless, the data suggest that crayfish need not be 
present for a smallmouth bass population to thrive. 
Fish Community Characteristics 
Catch rates of game and non-game fishes (Table 4-8) 
in fyke nets were highly variable among lakes and were not 
strongly associated with any physical or chemical factors, 
or with smallmouth bass densities (Table 4-9) . The 
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Toble 4·8. Catch rates <rulber end ,..fghl) of u-. non- . and c-fned ff&heo In modified-fyte 
nets collected frOlll eastern South D•tot• lekea. N represents the nusber of net·nfghta. Standard 
errors are in parentheses. 
Amsden Brant Clear IC�ska Pickerel 
Ffahes N•.20 N•18 N•19 N•18 N•19 
Nulber/net-nistlt 
Game 11-5 (3.9) 9.8 (3.3) 0.6 (0.3) 11.5 (4.8) 5.7 (1.7) 
Non· game 17.5 (6.4) 61.6 (33.4) 4.4 (1.3) zz. 7 (8.5) 0.2 (0.1) 
C-ined 29.0 (8.9) 71.4 (37.9) 5.0 (1.3) 34.Z (11.5) 5.9 (1.7) 
lilogr.-s,/net·nidlt 
c.. 1.4 (0.5) 1.0 (0.3) 0.1 (0.1) 3.8 ( 1.4) 1.1 (0.5) 
Non·- 2.8 (1.0) 15.6 (7.6) z.o (0.7) 14.5 (5.3) o.z (0.1) 
Conbined 4.2 (1.3) 16.7 (7.5) 2.1 (0,7) 18.3 (5.9) 1.3 (0.5) 
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Table 4-9. catch rates of smallmouth bass (number and 
weight) per hour of electrof ishing from eastern South Dakota 
lakes. N represents the number of electrofishing stations. 
Standard errors are in parentheses. 
Catch rates 
Lake N Number/h Kg/hr 
Amsden 9 0 . 0  ( 0 . 0 )  o . o  ( O . O )  
Brant 9 7 . 6  ( 2 .  5) 0 . 7  ( 0 . 3 )  
Clear 17 2 3 . 3  (12.5)  1 .  7 ( 0 . 8 )  
Kampeska 20 9 . 6  ( 4 . 2 )  2 . 7  ( 1 .  l) 
Pickerel 24 9 . 3  ( 2 .  6) 1 . 3  ( 0 . 4 )  
6 1  
relatively high catch rates at Brant and Kampeska Lakes were 
the result of spawning white suckers Catostomus commersoni 
which nearly filled some nets to capacity. 
Relations between catch rates, growth, reproduction, 
recruitment, body condition, and size structure of 
smallmouth bass among lakes and with other fish species were 
difficult to discern due to the low number of study lakes 
(five ) .  Simple regression and multiple regression failed to 
find meaningful relationships among these measurements. 
Nevertheless, some relationships with ecosystem factors 
merit discussion. Stock density indices and body condition 
of other game fish (Table 4-4) indicate healthy populations 
with the exception of yellow perch Perea flayescens at 
Pickerel Lake and black bullheads Ictalurus melas at 
Amsden Lake . Kampeska Lake had exceptionally high PSD's and 
RSD-P ' s  of all fish populations sampled. This may be 
partially indicative of the non-sheltered morphometry of the 
lake limiting recruitment of the fish community as a whole 
and 
allowing for fast growth . Similarly, black crappie Pomoxis 
nigromaculatus in Brant Lake had high PSD and RSD-P values 
and the black bullhead values were only low because of a 
recently high number of recruits reaching stock length. 
Both lakes had poor reproduction of game fish (Table 4-3 ) .  
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MANAGEMENT IMPLICATIONS 
1) Rock/boulder substrates with interstitial space are 
a prerequisite for the introduction and establishment of 
smallmouth bass populations . 
2 )  Lake morphometry should be considered a s  a limiting 
factor to recruitment; but only if the existing amount of 
rock/boulder habitat is not utilized ( i . e . ,  even though 
smallmouth bass reproduction may be low, it may be adequate 
for the available habitat) . 
3) If crayfish densities are low or subject to high 
impact by smallmouth bass populations, other prey fish 
should potentially be available as a food source . 
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chapter s .  
MANAGEMENT RECOMMENDATIONS AND RESEARCH NEEDS 
MANAGEMENT RECOMMENDATIONS 
The following management recommendations are given 
essentially in the order in which they are discussed 
throughout the thesis . 
1) Night electrofishing over rock/boulder substrates 
should be used to time-efficiently collect adequate samples 
of smallmouth bass. Because electrofishing is not effective 
for collection of larger smallmouth bass, other means such 
as creel surveys, angler diaries, or fishing tournaments 
should be employed to collect data on larger smallmouth 
bass. 
2) Habitat {substrate type) , specific conductance, and 
turbidity information need to accompany electrofishing 
surveys for better interpretation of sampling data. 
3 )  Size structure and density of quality-length 
smallmouth bass {�280 mm) determine the quality of a 
smallmouth bass population; therefore , proportional stock 
density and mean catch rate can be used , complementarily, as 
standard management indices. 
4 )  Before implementation of fishing regulations, 
specific objectives need to be defined and tailored to 
smallmouth bass populations with different characteristics. 
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The potential quality of a smallmouth bass population under 
regulations will be determined by growth, recruitment, 
mortality, and natural water productivity. 
5) Prior to new introductions, managers should 
consider available habitat, the potential for natural 
reproduction, and potential food sources. The presence of 
rock/boulder substrates is a prerequisite for a self­
sustaining smallmouth bass population. However ,  
supplemental stockings may be needed i f  reproduction or 
recruitment is environmentally limited. Potential prey fish 
should be available in addition to crayfish, particularly if 
dense smallmouth bass populations may develop on discrete 
habitat units. 
RESEARCH NEEDS 
The following research needs were subjectively listed 
by order of importance. 
1) The potential impacts of fishing regulations on 
smallmouth bass populations and angler attitudes need to be 
anticipated and assessed. Preliminary angler catch data 
need to be collected for pre- and post-regulation 
comparisons and documentation of changes. This is 
especially important because current sampling methods do not 
effectively sample larger smallmouth bass. 
2 )  If fingerling stocking proves to be necessary for 
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maintenance or enhancement of some smallmouth bass 
populations, then methods need to be devised to determine 
when stocking is needed and the extent to which it 
contributes to naturally-recruited year classes. 
3)  Food habits of smallmouth bass may be an important 
consideration if they maintain relatively high densities and 
must coexist with other game fish. competition !or food or 
predation by smallmouth bass on young-of-year of other 
fishes may have potential implications (positive or 
negative) for management of other game fishes. 
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APPENDICES 
Appendix A .  The percentage of fish which are substock ( < S ) ,  
stock (S) , and quality ( Q )  length a t  given ages for slow­
and fast-growing populations of smallmouth bass in South 
Dakota. These percentages are representative of Lake Sharpe 
(Missouri River) and Kampeska , respectively. Values above 
the dashed line were from actual data, and those below were 
subjectively assigned. 
Slow growing Fast growing 
Age <S s Q <S s Q 
1 100 0 0 100 0 0 
2 93 7 0 28 72 0 
3 5 5  45 0 0 100 76 
4 5 9 5  10 0 100 100 
----------------
5 0 100 25 0 100 100 
----------------
6 0 100 50 0 100 100 
7 0 100 75 0 100 100 
?.8 0 100 100 0 100 100 
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Appendix B. A simple model showing the effects of 20% total 
annual mortality on survival and size structure of 
smallmouth bass in slow- and fast-growing populations. The 
number of stock- and quality-length smallmouth bass for each 
age class were calculated based on the percentages in 
Appendix A .  These were totalled and used to calculate 
proportional stock density (PSD) for slow- and fast-growing 
populations . 
Slow growing Fast growing 
Age Survivors s Q s Q 
1 100 0 0 0 0 
2 80 6 0 58 0 
3 64 29 0 64 49 
4 51 48 5 51 51 
5 41 41 10 41 41 
6 3 3  33 17 33 33 
7 26 26 2 0  26 26 
8 2 1  21 2 1  2 1  2 1  
9 17 17 17 17 17 
10 13 13 13 13 13 
1 1  1 1  11 11 11 1 1  
12 9 9 9 9 9 
Total 254 123 344 271 
PSD 48 79 
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Appendix c. A simple model showing the effects of 30% total 
annual mortality on survival and size structure of 
smallmouth bass in slow- and fast-growing populations. The 
number of stock- and quality-length smallmouth bass for each 
age class were calculated based on the percentages in 
Appendix A .  These were totalled and used to calculate 
proportional stock density (PSD) for slow- and fast-growing 
populations. 
Slow growing Fast growing 
Age Survivors s Q s Q 
1 100 0 0 0 0 
2 70 5 0 5 0  0 
3 49 22 0 4 9  37 
4 34 32 3 3 4  34 
5 24 24 6 24 24 
6 17 17 9 17 17 
7 12 12 9 12 12 
8 8 8 8 8 8 
9 6 6 6 6 6 
10 4 4 4 4 4 
11 3 3 3 3 3 
12 2 2 2 2 2 
Total 135 50 209 147 
PSD 37 70 
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Appendix D. A simple model showing the effects of 40\ total 
annual mortality on survival and size structure of 
smallmouth bass in slow- and fast-growing populations. The 
number of stock- and quality-length smallmouth bass for each 
age class were calculated based on the percentages in 
Appendix A. These were totalled and used to calculate 
proportional stock density (PSD) for slow- and fast-growing 
populations. 
Slow growing Fast growing 
Age Survivors s Q s Q 
1 100 0 0 0 0 
2 60 4 0 43 0 
3 3 6  16 0 36 27 
4 2 1  20 2 21 2 1  
5 12 12 3 12 12 
6 7 7 4 7 7 
7 4 4 3 4 4 
8 2 2 2 2 2 
9 1 1 1 1 1 
10 1 1 1 1 1 
Total 67 16 127 75 
PSD 24 59 
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Appendix E. A simple model showing the effects of sot total 
annual mortality on survival and size structure of 
smallmouth bass in slow- and fast-growing populations. The 
number of stock- and quality-length smallmouth bass for each 
age class were calculated based on the percentages in 
Appendix A .  These were totalled and used to calculate 
proportional stock density (PSD) for slow- and fast-growing 
populations. 
Slow growing Fast growing 
Age Survivors s Q s Q 
1 100 0 0 0 0 
2 50 4 0 36 0 
3 25 11 0 25 19 
4 13 12 1 13 13 
5 6 6 2 6 6 
6 3 3 2 3 3 
7 2 2 1 2 2 
8 1 1 1 1 1 
Total 39 7 86 44 
PSO 18 51 
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Appendix F. A simple model showing the effects of 60% total 
annual mortality on survival and size structure of 
smallmouth bass in slow- and fast-growing populations. The 
number of stock- and quality-length smallmouth bass for each 
age class were calculated based on the percentages in 
Appendix A. These were totalled and used to calculate 
proportional stock density (PSD) for slow- and fast-growing 
populations . 
Slow growing Fast growing 
Age survivors s Q s Q 
l 100 0 0 0 0 
2 40 3 0 29 0 
3 16 7 0 16 12 
4 6 6 1 6 6 
5 3 3 1 3 3 
6 1 1 1 1 1 
Total 20 3 55 22 
PSD 1 5  40 
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Appendix G. Common and scientific names of fish in 
subjectively assigned game and non-game fish categories that 
were found and identified during the project. Non-game fish 
include prey fish collected by shoreline seining . 
Common name 
Black crappie 
Bluegill 
Channel catfish 
Largemouth bass 
Northern pike 
Rock bass 
Smallmouth bass 
Walleye 
White bass 
White crappie 
Yellow perch 
Bigmouth buffalo 
Black bullhead 
Common carp 
Fathead minnow 
Johnny darter 
Log perch 
Spottail shiner 
White sucker 
Game 
Scientific name 
Pomoxis nigromaculatus 
Leoomis macrochirus 
Ictalurus punctatus 
Micropterus salmoides 
Esox lucius 
Ambloplites rµpestris 
Micropterus dolomieui 
Stizostedion vitreum 
Merone chrysops 
Pomoxis annularis 
Perea f lavescens 
Non-game 
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Ictiobus cyprinellus 
Ictalurus melas 
Cyprinus carpio 
Pimephales promelas 
Etheostoma nigrum 
Percina caprodes 
Notropis hudsonius 
Catostomus commersoni 
